Toxoplasmosis is a parasitic disease with worldwide distribution and a major public health problem. In Algeria, human toxoplasmosis is screened in pregnant women and immunosuppressed persons; however, no information is available on the animal infection and a probable implication of the parasite in abortions occurring in the field. This sero-epidemiological cross-type survey on toxoplasmosis in cattle ( 
INTRODUCTION
Toxoplasmosis occurs worldwide and is present in a benign form in most animals. However, it is being recognized as a major cause of reproductive failure in several countries (Blewett and Watson, 1984; Dubey and Beattie, 1988; Dubey, 2004) . Infection with Toxoplasma gondii seems to be the cause of embryonic resorption, mummification, abortions, neonatal deaths or birth of weak and non viable newborns.
The protozoan distribution varies widely according to species, farms and countries. Sheep, goats and pigs are the most sensitive species which record the highest seroprevalences and constitute a potential danger to humans (Tenter et al., 2000; Dumetre et al., 2006; Opsteegh et al., 2010) . Contamination of human is usually done by ingestion of tissue cysts in undercooked meat (Smith, 1993; Cook et al., 2000) or by oocysts in soil or water that have been contaminated with cat feces (Bahia-Oliveira et al., 2003; Dubey, 2004; Jones et al., 2005; de Moura et al., 2006) . Indeed, according to Roberts et al. (1994) and Mead et al. (1999) , T. gondii is one of three pathogens (together with Salmonella and Listeria) which account for up to 75% of all deaths due to food borne disease in the USA.
Human toxoplasmosis occurs most often asymptomatically, inducing an underestimation of its prevalence. However, the use of serology shows seroprevalences that vary from one country to another; the lowest values are being recorded in the Northern countries, 5 and 10%, respectively in Sweden and Norway (Evengard et al., 2001; Jenum et al., 1998) and those higher in the south, 60 and 74.5% in Ivory coast and Brazil, respectively (Adoubryn et al., 2004; Spalding et al., 2005) .
In Algeria, human seroprevalence is being estimated at 51.56% and prophylaxis of congenital toxoplasmosis is part of a national surveillance program for pregnant women, with medical care of toxoplasmic seroconversions or evolutive toxoplasmosis (Bachi et al., 2010) . By contrast, there is no study available concerning the seroprevalence of animal toxoplasmosis and its implication as the probable origin in the abortions observed on the site, because only Brucellosis is investigated in this case (Dechicha et al., 2010) .
The aim of this study is to investigate the toxoplasmosis antibodies in cattle, sheep and goats, and to test a probable implication of the parasite in abortions occurring in the field.
MATERIALS AND METHODS

Study population
The sample comprised of three main animal species considered as the primary sources of red meat in Algeria. Cattle (332) originated from 41 farms located in Blida province, whilst the sheep (276) and goats (106) came from 19 and 6 farms, respectively, located in Djelfa province (agro-pastoral region).
For each species and from each farm, all females with a history of recent abortion, ten percent of reproductive female and reproductive males were selected. Blood was collected from the jugular vein and the separated serum was stored at -20°C until used. Animals in this study were treated according to the ethical standards of Algerian research centers and universities (MESRS, Algeria). Blood collections were carried out in compliance with EU legislation on research involving animals (EU, 2010).
Serological test
Toxoplasma antibodies were detected by the indirect fluorescent antibody test (IFAT) according to OIE Terrestrial Manual (2008) . Slides were coated with whole tachyzoites of "RH" strain of T. gondii maintained by continuous passages in BALB/c mice and collected intraperitoneally. Test sera deposited on slides were diluted in PBS (0.3 M PBS, pH 7.4) starting from 1:16. Positive and negative control and also a PBS sample were included on each test slide. Species-specific IgG for cattle (Sigma F7887), sheep (Sigma F7634) and goats (Sigma F7363) conjugated to fluorescein isothiocyanate diluted in 0.2% Evans Blue (in PBS), were used appropriately as secondary antibody. The reaction was examined under a fluorescence microscope, and a sample was considered positive if at least 80% of the parasites were surrounded by a continuous peripheral strip of fluorescence at a dilution level of 1:64. Positive sera were subsequently titrated until the maximum positive dilution titer was reached.
Statistical analysis
Statistical analysis was performed using "Statistica 10.0" of Statsoft Inc., Tulsa, USA and "IBM SPSS Statistics 20.0," IBM Corp., USA. The degree of significance of the link between the seroprevalence and age, sex and the abortive/non abortive status for the females was performed by the χ 2 test or Fischer Exact test where values in one or more cells are ≤ 5. These links were considered significant for p < 0.05. The degree of dependence of the disease on various factors was determined by the odds-ratios (with confidence intervals).
RESULTS
Individual seroprevalences were estimated at 3.92, 11.59 and 13.21% respectively in cattle, sheep and goats. At herd level, 12.19, 57.89 and 66.66% herds showed at least one seropositive case in cattle, sheep and goats, respectively. Within-herd seroprevalence ranged from 11.76 to 30.76% in cattle; 4.54 to 63.63% in sheep and 20 to 42.85% in goat herds.
Statistical analysis shows that sheep and goats seroprevalences at individual or herd level are significantly higher than cattle seroprevalence (p<0.001). However, the difference between sheep and goats is not significant (Table 1) .
Statistical comparison between age groups and gender of animals showed no significant difference in the three species (Table 2 ). The link between the seroprevalence and the abortive/non abortive status of the females showed no significant difference for cattle and goat. Whereas, the seroprevalence of non abortive ewes is significantly higher (p<0.05) than those having abortions (Table 3) .
Titration of positive sera showed a maximum titer of 1:64 for cattle, 1:2048 for sheep and 1:4096 for goats ( Figure 1 ).
DISCUSSION
The presence of anti-Toxoplasma antibodies has been highlighted for the first time in livestock in Algeria, indicating a contamination with the parasite. In cattle, the seroprevalence estimated in the study is relatively low (3.92%), it is comparable to rates found in Brazil (1.96%), Iran (1.6%) and Poland (3.15%) as reported by Luciano et al. (2011 ), Raeghi et al. (2011 and Holec-Gąsior et al. (2013), respectively. This seroprevalence and the rate of infected herds (12.82%) may reflect a low distribution of the parasite in the farms of the study area. In this species, natural infection does not appear to cause clinical disease, however the seroprvalences reported in the literature range from 0 to 92% (Tenter et al., 2000) . Indeed, cattle are considered a poor host for T. gondii; although they can be successfully infected with oocysts, the parasite is eliminated or reduced to undetectable levels within a few weeks (Dubey, 1986) , perhaps due to innate resistance (Dubey and Jones, 2008) . Distribution of seroprevalence according to age showed no significant difference even if the odds ratio shows that it is 4.96 times higher in subjects aging ≥ 6 years. Rozette et al. (2005) report a similar finding in contrast to those of El fahal et al. (2013) who found a higher seroprevalence in cattle aging less than 1 year, thing that could be explained by the capacity of this species to eliminate the parasite with age. The distribution of seroprevalence according to gender showed no significant difference what is in agreement with the reports of Klun et al. (2006) and Garcia et al. (1999) ; however, those of Nematollahi and Moghddam (2008) showed that seropositivity is higher among males. The low antibody titer of 1:64 suggests that toxoplasmosis spreads in these farms in a latent form; it is similar to the findings of Santos et al. (2013) . However, the low titer obtained is adequate with the hypothesis regarding the rapid removal of cysts by cattle.
In sheep, seroprevalence at individual level (11.59%) and at herd level (57.89%) reflects a strong environmental contamination and a wide distribution of the parasite in these farms. According to Ruiz and Frenkel (1980) and Dubey et al. (1996) , the ground of farms can be strongly contaminated with oocysts as demonstrated in numerous studies. Indeed, animals kept on pastures with an increased pressure of infection due to contamination of the environment with oocysts show high seroprevalences in many areas of the world (Tenter et al., 2000) .
The difference between age groups was not significant and is in agreement with reports of Sevgili et al. (2005) . However, other studies reported a significant increase of the prevalence with the age of animals which could be explained by a greater possibility for the older subjects to be exposed to environment oocysts (Clementino et al., 2007; Vesco et al., 2007) . In fact, according to Dubey and Kirkbride (1989) , most of sheep acquire the infection before the age of 4 years; however, only one third of the older females remain seronegative in heavily contaminated farms. As well, we found no significant difference between sexes; a similar observation was reported by Khezri et al. (2012) and Gebremedhin et al. (2014) , unlike Clementino et al. (2007) who reported a higher seroprevalence in females. The antibody titers obtained are higher as compared to cattle, with a maximum titer of 1:2048; a similar titer was reported by Rossi et al. (2011) and higher titers reaching 1:65536 were reported by Garcia et al. (1999) . A high antibody level would favor an acute toxoplasmosis or a reactivation of latent toxoplasmosis after an immunosuppressed conditions.
For goats, the seroprevalence of 13.21% is similar to rates reported in China (14.1%), Saudi Arabia (12%) and Ethiopia (19.7%) respectively by Zhao et al. (2011) , Al Mohammed (2011) and Zewdu et al. (2013) . At herd level, two thirds of the farms (66.66%) presented at least one seropositive case, which also goes in favor of a strong environmental contamination. In fact, this large distribution of the parasite among sheep and goat herds could be attributed to cats residing on site and the access of animals to contaminated feed and water. Indeed, according to Dubey and Frenkel (1972) , cats can shed as many as 500 million oocysts after ingesting one T. gondii infected mouse under laboratory conditions. Furthermore, while only a few cats may be shedding T. gondii oocysts at any given time, the enormous numbers produced and their resistance to destruction assures widespread contamination (Dubey, 2004) . The difference between age groups was not significant in contrast to studies which showed a significant increase in seroprevalence with age as in the case of sheep (Figueiredo et al., 2001; Kamani et al., 2010; Zewdu et al., 2013) . We observed no significant difference between genders as found by Bisson et al. (2000) and Carneiro et al. (2009) , while the report of Swai and Kaaya (2012) showed that females are more infected than males. The majority of subjects have shown a titer ranging from 1:64 to 1:512, indicating a latent form of toxoplasmosis, the highest titer recorded is of 1:4096 expressing an acute form of toxoplasmosis. In fact, much higher titers reaching 1:8192 and 1:16384 were reported in other studies by Figueiredo et al. (2001) and Neto et al. (2008) , respectively.
The statistical comparison between species showed that cattle are the least infected species as compared to sheep and goats (p<0.001); this situation has already been described worldwide (Pita Gondim et al., 1999; Sharif et al., 2007) . However, the comparison between sheep and goats showed no significant difference in contrast to Mahboub et al. (2013) whom observed a higher rate in sheep that could be explained by the variability of the species sensitivity and methods of farming. Whatever the seroprevalence obtained, a particular attention should be given to the risk of human infection through consumption of undercooked meat (Halos et al., 2010; Boughattas et al., 2014) or raw goat and sheep milk (Camossi et al., 2011; Lafi et al., 2014) . In fact for cattle, ingestion of beef or dairy products is not considered important in the epidemiology of T. gondii because cattle are not a good host for this parasite. However, we cannot be sure that beef does not play a role in T. gondii transmission as only relatively small amounts of beef have been tested for viable parasites (Dubey and Jones, 2008) .
Furthermore, according to Smith (1993) , meat from infected sheep and goat milk are shown to be primary sources of infection for men. In Algeria, the consumption of undercooked meat appeared as a major risk factor for toxoplasmosis infection in pregnant women (Messerer et al., 2014) . Therefore, investigation of T. gondii in livestock is required in order to detect potential risk for human infection, especially where consumption of undercooked meat and raw milk is a popular tradition. To date, no protective measures have been taken by the farmers for herds because the sanitary and economic repercussions of this disease are unknown.
For cattle, no female that abort was seropositive; in fact, T. gondii is not recognized as an abortive agent in cattle (Dubey, 1986) . Contrarily, for sheep and paradoxically to what has been reported in the literature, where toxoplasmosis is presented among the leading causes of abortion in many countries (Dubey and Kirkbride, 1989; Jackson and Hutchison, 1989 ) the seroprevalence of non-abortive ewes is significantly higher than of the abortive ones (14.43% vs. 4.41%). Hamzy El Idrissi et al. (1995) reported a seroprevalence rates that are equal between the abortive females (8.8%) and the normal lambing females (9.7%), while Benkirane et al. (1990) found a significantly higher rate in the abortive ewes (21%) as compared to normal lambing females (8%). The highest seroprevalence obtained in non-abortive ewes could be explained by the fact that the female is able of giving birth to a viable but infected lamb if it contracted the parasite in late gestation, and it would abort if it contracted the parasite for the first time during mid-gestation. Moreover, whether pregnant or not, it would develop an immunity that will prevent it from miscarrying during subsequent pregnancies. Probable hypothesis is that our non-abortive females have contracted the parasite during a previous gestation, or outside a gestation period, as they are all multiparous and aged between 3 and 6 years (Data not shown). As concerns the abortive and seropositive ewes, we cannot blame T. gondii as the unique responsible agent for these abortions, because the serology of the fetal fluids and further examination of aborted fetuses were not practiced, nevertheless the suspicion is high for one of the abortive ewes whose antibody titer reached 1:1024.
In goats, the disease is a common cause of abortion and neonatal mortality (Tenter et al., 2000; Lindsay and Dubey, 2007) . However, in the present study, abortive females are seronegative; abortion may be due to another cause, whereas the seropositivity of the nonabortive females (16.33%) would have the same arguments as those given for the sheep. According to Ndiaye et al. (1996) , toxoplasmosis in goats contributes more to neonatal deaths (82%) than to other types of loss, namely: abortions (44%) and weakness (56%).
Conclusion
In Algeria, anti-Toxoplasma antibodies were revealed for the first time, in cattle, sheep and goats proving thereby the farm contamination by oocysts. The parasite has never been incriminated before because no research has been carried out, it could be responsible for one part of reproductive disorders, such as embryonic mortality and observed abortions. Further studies are needed to assess its involvement as an abortive agent other than Brucella.
A positive serology of livestock would favor contamination of their products and the high human seroprevalence recorded in Algeria could be partly explained by the consumption of contaminated animal products.
